2002-142455 : Trans -1- 

PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 2002-1 42455 

(43)Date of publication of application : 1 7.05.2002 



(51)Int.CI. 




H02M 3/28 
H02M 3/335 
H02M 7/21 




(21 Application number 


: 2000-332313 


(71)Applicant 


: YOKOGAWA ELECTRIC CORP 


(22)Date of filing : 


31.10.2000 


(72)Inventor : 


NAITO YOSHINAO 








HANAWAKA MASUO 



(54) DC-DC CONVERTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To achieve a DC-DC converter 
for preventing loss in a light load. 

SOLUTION: Improvement has been made to the forward-type 
DC-DC converter for rectifying a secondary-side circuit by a 
rectification circuit having first and second switches for driving 
using first and second drive coil winding being provided at a 
transformer for converting voltage from a primary-side circuit 
to the secondary-side circuit. The DC-DC converter has a 
light load detection section for detecting the light load of 
output and turning off the first and second switches in a light 
load. 



LEGAL STATUS 

[Date of request for examination] 22.07.2004 
[Date of sending the examiner's decision of rejection] 
[Kind of final disposal of application other than the examiners 
decision of rejection or application converted registration] 

[Date of final disposal for application] 

[Patent number] 3781 1 74 

[Date of registration] 1 7.03.2006 

[Number of appeal against examiners decision of rejection] 

[Date of requesting appeal against examiner's decision of rejection] 

[Date of extinction of right] 




2002-142455 : Trans 



- 1 - 



* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The DC to DC converter characterized by preparing the light load detecting 
element which detects the light load of an output and turns off said 1 st and 2nd switch in 
the DC to DC converter of the forward mold which rectifies a secondary circuit at the 
time of a light load by the 1st prepared in the secondary circuit from the primary side 
circuit at the transformer which performs electrical-potential-difference conversion, and 
the rectifier circuit equipped with the 1st and 2nd switch driven with the 2nd drive coil. 
[Claim 2] The transformer equipped with a primary side coil, a secondary coil, the 1st 
drive coil, and the 2nd drive coil, The main switch which makes said primary side coil 
energize the power from a power source intermittently, It connects with said primary side 
coil at juxtaposition. A capacitor and the series circuit of a subswitch, The control 
section which outputs the control signal made to turn on and off said main switch and 
said subswitch by turns, The rectifier circuit which rectifies the current which is 
equipped with the 1st switch driven with said 1st drive coil, and the 2nd switch driven 
with said 2nd drive coil, and said secondary coil generates, In the DC to DC converter of 
the forward mold which has the inductance component prepared between the output 
capacitor which inputs the output of this rectifier circuit, and said secondary coil and said 
output capacitor The DC to DC converter characterized by preparing the light load 
detecting element which detects the light load of an output and turns off said 1 st and 2nd 
switch at the time of a light load. 

[Claim 3] An inductance component is a coil or a DC to DC converter according to claim 

2 characterized by providing at least one of the 3rd coil formed in the transformer. 
[Claim 4] A light load detecting element is a DC to DC converter according to claim 1 to 

3 characterized by switching the 1st and 2nd switch to diode rectification at the time of a 
light load. 

[Claim 5] It is the DC to DC converter according to claim 1 to 4 which possesses the 3rd 
switch formed between the 1st drive coil and the 1st switch, and the 4th switch formed 
between the 2nd drive coil and the 2nd switch, and is characterized by a light load 
detecting element turning off said 3rd and 4th switch at the time of a light load. 
[Claim 6] The DC to DC converter according to claim 5 characterized by forming diode in 
juxtaposition at the 3rd and 4th switch. 

[Claim 7] The 1 st and 2nd switch is a DC to DC converter according to claim 1 to 6 
characterized by being MOSFET. 

[Claim 8] The DC to DC converter of claim 1 characterized by forming diode in 
juxtaposition at the 1st and 2nd switch - 7 **. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the DC to DC converter which prevents 
the loss at the time of a light load about the DC to DC converter of a forward mold. 
[0002] 

[Description of the Prior Art] In power units, such as switching power supply, the DC to 
DC converter is used as equipment which insulates direct-current input voltage and 
supplies power to a load circuit. That by which a forward mold and a flyback mold exist, 
for example, the DC to DC converter of such a configuration is indicated as a DC to DC 
converter of a forward mold by the polar difference between the upstream coil of an 
isolation transformer and a secondary coil at United States patent USP4441 146 and the 
USP4959764 grade is known. Such equipment is shown and explained to drawing 6 . 
[0003] drawing 6 — setting — C1-C3 — for a coil and L1 , a coil and RL are [ a capacitor, 
and Q1-Q4 / MOSFET, Np, Ns, Nfw, Nfl, and nickel of n mold / error amplifier and CTL of 
a load circuit and A ] control sections. Coils Np, Ns, Nfw, Nfl, and nickel constitute a 
transformer T1, and MOSFETQ3 and Q4 constitute a rectifier circuit. Here, a turn ratio is 
taken as Np>=Ns>nickel. 

[0004] A capacitor C1 connects an end to the end of a capacitor C2, and the end of Coil 
Np. A capacitor C2 connects the other end to the drain of MOSFETQ2. Coil Np is a 
primary side coil and connects the other end to the drain of MOSFETQ1. MOSFETQ2 is a 
subswitch and connects the source to the drain of MOSFETQ1. MOSFETQ1 is a main 
switch and connects the source to the other end of a capacitor CI. 
[0005] Coil Ns is a secondary coil, connects an end to the source of MOSFETQ3, and 
connects the other end to the source of MOSFETQ4. Coil Nfw is a drive coil, connects 
an end to the source of MOSFETQ3, and connects the other end to the gate of 
MOSFETQ3. Coil Nfl is a drive coil, connects an end to the source of MOSFETQ4, and 
connects the other end to the gate of MOSFETQ4. 

[0006] MOSFETQ3 and Q4 are the 1st and 2nd switch, and they connect a drain to the 
end of Coil nickel. Coil nickel connects the other end to the end of a coil L1 . A coil L1 is 
an inductance component and connects the other end to the end of a capacitor C3. A 
capacitor C3 is an output capacitor and connects the other end to the other end of Coil 
Ns. A load circuit RL is connected to a capacitor C3 at juxtaposition. 
[0007] The error amplifier A connects a minus edge to the end of a capacitor C1, and 
connects a plus edge to the other end of a capacitor C1 through reference voltage. A 
control section CTL outputs to the gate of MOSFETQ1 and Q2 based on the output of 
the error amplifier A. 

[0008] Such equipment is explained below. Drawing 7 and 8 are the timing charts which 
showed actuation of the equipment shown in drawing 6 , and drawing 8 is the enlarged 
drawing of drawing 7 . In drawing 7 and 8 (a) The drain-source electrical potential 
difference Vds of MOSFETQ1, The drain current Id of MOSFETQ1 and (c) (b) The drain 
current Id of MOSFETQ2, The current IL of a coil L1 and (e) (d) The gate-source 
electrical potential difference Vgs of MOSFETQ2, (f) is [ the gate-source electrical 
potential difference Vgs of MOSFETQ3 and (h of the gate-source electrical potential 
difference Vgs of MOSFETQ1 and (g)) ] the gate-source electrical potential differences 
Vgs of MOSFETQ4. and (i) — the current INs of Coil Ns, and G) — for the electrical 
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potential difference VL 1 of a coil L1 , and (m), the drain current Id of MOSFETQ4 and (n) 
are [ the electrical potential difference VNs of Coil Ns, and (k) / the electrical potential 
difference VNi of Coil nickel, and (I) / the electrical potential difference VC 2 of a coil C2 
and (p of the output current Ig of a capacitor C1 and (o)) ] output voltage Vo. 
[0009] Moreover, drawing 9 -14 are drawing explaining actuation of the equipment shown 
in drawing 6 , and are shown by the equal circuit. Drawing 9 shows the polarity of each 
part electrical potential difference, and drawing 10 -14 show actuation of time-of-day 
t3-t4 period, time-of-day t4-t5 period, time-of-day t5~t6 period, time-of-day t6-t7 
period, and time-of-day t7-t8 period, respectively. 

[001 0] (1 ) The capacitor C1 during a time-of-day t0-t1 , t1 -t2, and t2-t tertiary stage is a 
smoothing capacitor which makes the electrical potential difference from the AC power 
supply which is not illustrated direct current voltage, and operates as DC power supply. 
And the error amplifier A compares with output voltage Vo and reference voltage, and a 
control section CTL turns on and turns off MOSFETQ1 and Q2 by turns by the 
comparison result. This keeps output voltage Vo constant. And 
electrical-potential-difference conversion of the direct current voltage of a capacitor C1 
is carried out through a transformer T1. 

[001 1] When MOSFETQ1 is ON at this time, by the transformer T1 (drive coils Nfw and 
Nfl), MOSFETQ3 serves as ON and MOSFETQ4 serves as OFF. On the contrary, when 
MOSFETQ1 is OFF, by the transformer T1, MOSFETQ3 becomes off and MOSFETQ4 
serves as ON. 

[0012] When MOSFETQ3 is ON, a capacitor C3 is charged according to the current INs 
of Coil Ns, and when MOSFETQ4 is ON, a capacitor C3 is charged with the inductance of 
Coil nickel and a coil L1. Moreover, the ripple current is made into zero with Coil nickel. 
[0013] And a capacitor C3 supplies power to a load circuit RL In addition, since it is 
general actuation during a time-of-day t0-t tertiary stage, detailed explanation of 
operation is omitted. 

[0014] (2) Time-of-day t3-t4 period ( drawing 10 ) 

The output capacitance of MOSFETQ2 is discharging to the forward voltage of body 
diode in the "on" period of MOSFETQ2. For this reason, it will charge in time-of-day t 
3:00 until MOSFETQ2 becomes off, a current flows in the direction of the coil Np of a 
transformer T1 from the clamp capacitor C2 and it balances the electrical potential 
difference of a capacitor C2 in the output capacitance of MOSFETQ2. For this reason, 
the drain-source electrical potential difference Vds of MOSFETQ1 falls to the electrical 
potential difference Vg of the input smoothing capacitor CI. And when a current flows to 
Coil Np, Coil Nfl sets MOSFETQ4 to ON, and a capacitor C3 discharges. 
[0015] (3) Time-of-day t4-t5 period ( drawing 1 1 ) 

Time of day t4 comes, and with the output of the error amplifier A, a control section CTL 
detects a light load (no-load is included), and makes MOSFETQ1 and Q2 off. This is for 
decreasing switching loss and it is because also turning off MOSFETQ2 connects too 
hastily in the path which the energy accumulated in the clamp capacitor C2 becomes 
from the coil Np of MOSFETQ2 and a transformer T1 and loss occurs. 
[0016] Although the current which was flowing from the clamping circuit (capacitors C2 
and MOSFETQ2) to Coil Np to the timing of time of day t4 will not flow, a current tends 
to continue flowing by the leakage inductance of Coil Np. For this reason, the body diode 
of MOSFETQ1 turns on and a current flows to the input smoothing capacitor C1 via Coil 
Np. 

[0017] Since the body diode of MOSFETQ1 is turned on, the drain-source Vds of 
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MOSFETQ1 falls to the forward voltage of body diode. 

[0018] The polarity of each coil is reversed with this current, and Coil Nfw turns ON 

MOSFETQ3. Since it is > (number of turns of Coil Ns) (number of turns of Coil nickel) 

once MOSFETQ3 turns on, the discharge to the primary side smoothing capacitor C1 is 

generated by the secondary smoothing capacitor C3 via Coil Ns and Np. 

[0019] And finally the charging current Id of a capacitor C1, i.e., the drain current of 

MOSFETQ1, is set to 0 with charge of a capacitor C1. 

[0020] (4) Time-of-day t5-t6 period ( drawing 12 ) 

To the timing of time of day t5, since MOSFETQ3 still turns on, the current IL which was 
flowing in the coil L1 flows to Coil Np via Coil nickel and Ns, and charges the output 
capacitance of MOSFETQ2 charged to hard flow at time-of-day t3-t4 period to the 
forward voltage of the body diode of MOSFETQ2. 

[0021] If the output capacitance of MOSFETQ2 is charged, since the body diode of 
MOSFETQ2 will serve as ON, a capacitor C2 is charged. The current IL of a coil L1 
decreases with charge. 

[0022] (5) Time-of-day t6-t7 period ( drawing 13 ) 

By the output capacitance of capacitors C2 and MOSFETQ2, and resonance of Coil Np, a 
current is [ outflow and the polarity of each coil ] reversed in the coil Np direction from a 
capacitor C2, and since MOSFETQ4 is turned on with Coil Nfl, Current IL flows into hard 
flow. 

[0023] (6) Time-of-day t7-t8 period ( drawing 14 ) 

In order that the polarity of each coil may be reversed again with the output capacitance 
of capacitors C2 and MOSFETQ2, and resonance of Coil Np, MOSFETQ3 becomes ON 
with Coil Nfw. 

[0024] Since the polarity of each electrical potential difference [ in / actuation of this 
period is the same as that of time-of-day t3-t4 period, and / the timing of time of day 
t8 ] and a current becomes the same as time of day t4, vibration will continue. 
[0025] 

[Problem(s) to be Solved by the Invention] Thus, as a cure against loss at the time of a 
light load, although the intermittent control action of the DC to DC converter is carried 
out, output voltage Vo declines early by reviving the energy currently stored in the 
secondary smoothing capacitor C3 according to generating of a shimmy at the time of a 
halt of a DC to DC converter at a primary side. For this reason, the loss at the time of a 
light load increased, and there was a trouble that the halt period of the DC to DC 
converter of an intermittent control action will become short. 

[0026] Then, the purpose of this invention is to realize the DC to DC converter which 

prevents the loss at the time of a light load. 

[0027] 

[Means for Solving the Problem] This invention is characterized by preparing the light 
load detecting element which detects the light load of an output and turns off said 1st 
and 2nd switch in the DC to DC converter of the forward mold which rectifies a 
secondary circuit at the time of a light load by the 1st prepared in the secondary circuit 
from the primary side circuit at the transformer which performs 
electrical-potential-difference conversion, and the rectifier circuit equipped with the 1st 
and 2nd switch driven with the 2nd drive coil. 
[0028] 

[Embodiment of the Invention] The gestalt of operation of this invention is explained 
using a drawing below. Drawing 1 is the block diagram having shown one example of this 
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invention. Here, the same thing as drawing 6 attaches the same sign, and omits 
explanation. 

[0029] For D1-D4, as for the 3rd and 4th switch and Rs, in drawing 1 , diode, and SW1 and 
SW2 are [ current detection resistance and 1 ] light load detectors. 
[0030] Diode D1 connects an anode to the gate of MOSFETQ3, and connects a cathode 
to the other end of Coil Nfw. Diode D2 connects an anode to the gate of MOSFETQ4, and 
connects a cathode to the other end of Coil Nfl. Diodes D3 and D4 connect an anode to 
the source of MOSFETQ3 and Q4, respectively, and connect a cathode to the drain of 
MOSFETQ3 and Q4. Switches SW1 and SW2 are formed in juxtaposition at diodes D1 and 
D2, respectively. 

[0031] The current detection resistance Rs is formed between the other end of a 
capacitor C3, and the other end of a load circuit RL. The light load detector 1 is 
constituted by Comparator U. Comparator U connects a plus terminal to the other end of 
a load circuit RL, connects a minus terminal to the other end of a capacitor C1 through 
reference voltage, when an output is high-level, turns on switches SW1 and SW2, and 
switches off at the time of a low level. 

[0032] Actuation of such equipment is explained below. Drawing 2 is a timing chart 
explaining actuation of the equipment shown in drawing 1 . In addition, (a) - (p) is the 
same as that of drawing 7 and 8. 

[0033] At the time of time of day t1 , a load becomes light, the output current decreases 
and the electrical potential difference of the both ends of the detection resistance Rs 
also decreases. Consequently, since the light load detector 1 (comparator U) becomes 
lower than reference voltage, a low level is outputted. Switches SW1 and SW2 become 
off by this, and Coils Nfw and Nfl are separated from MOSFETQ3 and Q4. 
[0034] At this time, separation of Coils Nfw and Nfl Since it is carried out regardless of 
shift, the control timing, i.e., the light load condition, of MOSFETQ1 and Q2, When the 
electrical potential difference turned ON has generated MOSFETQ3 and Q4 in Coils Nfw 
and Nfl, switches SW1 and SW2 off more The charge accumulated in the gate of 
MOSFETQ3 and Q4 cannot be discharged, but MOSFETQ3 and Q4 will maintain an ON 
state, and they will short-circuit a secondary circuit. Then, with diodes D1 and D2, the 
charge of the gate of MOSFETQ3 and Q4 is made to discharge, and suppose that it is off. 
[0035] Moreover, synchronous detection is continued by the body diode and diodes D3 
and D4 of MOSFETQ3 and Q4. 

[0036] At the time of time of day t2, the error amplifier A outputs a low level, and with 
this output, a control section CTL judges it as a light load condition, and turns off 
MOSFETQ1 and Q2. However, with switches SW1 and SW2, since MOSFETQ3 and Q4 
are already off, resonance is not continued. 

[0037] Thus, since the light load detector 1 detects a light load, turns off the switches 
SW1 and SW2 which constitute a rectifier circuit and actuation of MOSFETQ3 and Q4 is 
stopped, malfunction of MOSFETQ3 and Q4 by resonance of the primary side circuit at 
the time of a DC to DC converter halt is prevented, and it can prevent supplying energy 
required for resonance to a primary side circuit from a secondary circuit. That is, the loss 
at the time of a light load can be prevented. 

[0038] In addition, although the example which formed diodes D3 and D4 was shown, 
since rectification is performed by the body diode of MOSFETQ3 and Q4, the 
configuration which is not is sufficient as diodes D3 and D4. Though loss with the body 
diode of MOSFETQ3 and Q4 is inferior to the usual rectifier diode, especially since it is at 
the light load time, it does not become a problem. 
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[0039] Next, the 2nd example is shown and explained to drawing 3 . Here, the same thing 
as drawing 1 attaches the same sign, and omits explanation. 

[0040] drawing 3 — setting — Nfw — as for resistance, and D5-D7, for a PNP transistor 
and Q8, an NPN transistor, and R1-R5 are [ MOSFET, Q6, and Q7 of n mold / a drive coil 
and Q5 / diode and U1 ] comparators. Coils Np and Ns, Nfw', and Nfl and nickel 
constitute a transformer T2, and MOSFETQ4 and Q5 constitute a rectifier circuit. And 
transistors Q6 and Q7, resistance R1-R4, and diodes D2, D5-D7 constitute the 
synchronous detection halt circuit 2, and a transistor Q8, resistance R5, and a 
comparator U1 constitute the light load detector 3. 

[0041] MOSFETQ5 is formed instead of MOSFETQ3, connects a drain to the other end 
of Coil Ns, and connects the source to the source of MOSFETQ4. Coil Nfw' is prepared 
instead of Coil Nfw, connects an end to the other end of Coil Ns, and connects the other 
end to the emitter of a transistor Q6. 

[0042] A transistor Q6 connects a collector to the gate of MOSFETQ5. Resistance R1 is 
formed between the emitter of a transistor Q6, and the base. Diode D5 connects an 
anode to the collector of a transistor Q6, and connects a cathode to the emitter of a 
transistor Q6. 

[0043] A transistor Q7 is formed instead of a switch SW2, connects a collector to the 
anode of diode D2, and connects an emitter to the cathode of diode D2. Resistance R2 is 
formed between the emitter of a transistor Q7, and the base. 

[0044] Resistance R3 and R4 connects an end to the base of transistors Q6 and Q7, 
respectively. Diodes D6 and D7 connect an anode to the other end of resistance R3 and 
R4, respectively. 

[0045] A transistor Q8 connects a collector to the cathode of diodes D6 and D7, and 
connects an emitter to the other end of a capacitor C3. Resistance R5 connects an end 
to the base of a transistor Q8. A comparator U1 connects an output to the other end of 
resistance R5, connects a plus terminal to the other end of a load circuit RL, and 
connects a minus terminal to the other end of a capacitor C3 through reference voltage. 
[0046] Such equipment prepares MOSFETQ5 instead of MOSFETQ3, and coil Nfw' is 
prepared instead of Coil Nfw in connection with this. And an example with transistors Q6 
and Q7 is shown as a concrete configuration of the 3rd and 4th switch SW1 and SW2, and 
the light load detector 3 is shown as a concrete configuration of a light load detecting 
element. Therefore, since the equipment and actuation which are shown in drawing 1 are 
the same, explanation is omitted. 

[0047] And the 3rd example is shown in drawing 4 and it explains below. Here, the same 
thing as drawing 3 attaches the same sign, and omits explanation. 

[0048] As for Q9 and Q10, in drawing 4 , MOSFET of p mold and U2 are comparators. 
Transistors Q9 and Q10, resistance R1-R4, and diodes D6 and D7 constitute the 
synchronous detection halt circuit 4, and a transistor Q8, resistance R5, and a 
comparator U2 constitute the light load detector 5. 

[0049] MOSFETQ9 is formed instead of a transistor Q6 and diode D5, connects the 
source to the other end of coil Nfw', connects a drain to the gate of MOSFETQ5, and 
connects the gate to the end of resistance R3. 

[0050] MOSFETQ10 is formed instead of a transistor Q7 and diode D2, connects the 
source to the other end of Coil Nfl, connects a drain to the gate of MOSFETQ4, and 
connects the gate to the other end of resistance R4. 

[0051] A comparator U2 is formed instead of Resistance Rs and a comparator U1, 
connects an output to the other end of resistance R5, connects a plus terminal to the 
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outgoing end of the error amplifier A, and connects a minus terminal to the other end of a 
load circuit RL through reference voltage. 

[0052] Since the example by MOSFETQ9 and Q10 is shown as a concrete configuration 
of the 3rd and 4th switch and the body diode of MOSFETQ3 and Q4 carries out instead 
of [ of diodes D2 and D5 ], such equipment becomes unnecessary. Moreover, since the 
output voltage of the error amplifier A is proportional to output power, the detecting 
point of the light load detector 5 is made into the output voltage of the error amplifier A. 
Therefore, since the equipment and actuation which are shown in this example and 
drawing 1 are the same, explanation is omitted. 

[0053] Moreover, the 4th example is shown and explained to drawing 5 . Here, drawing 3 
and what is the same as that of 4 attach the same sign, and omit explanation. 
[0054] In drawing 5 , transistors Q6 and MOSFETQ10, resistance R1-R4, and diodes 
D5-D7 constitute the synchronous detection halt circuit 6, and Coils Np and Ns, Nfw\ 
and Nfl constitute transformer T3. That is, the synchronous detection halt circuit 6 
constitutes the 3rd switch from a transistor Q5, and constitutes the 4th switch from 
MOSFETQ10. Transformer T3 loses Coil nickel to a transformer T2. About actuation, 
making the ripple current by Coil nickel into zero is only lost, and since normal operation 
is the same as that of the usual DC to DC converter and the actuation at the time of a 
light load is the same as that of the equipment shown in drawing 1 , explanation is omitted. 
[0055] In addition, this invention is not limited to this, and although it showed the example 
which constituted the switch by MOSFETQ1-Q5, it may consist of a transistor, a relay, 
etc. However, since body diode of MOSFET cannot be used as shown in drawing 1 , it 
cannot be overemphasized that diode must be formed in the same direction as body 
diode. 

[0056] Moreover, although the configuration which loses Coil nickel was shown as shown 
in drawing 5 , the configuration of leaving Coil nickel and losing a coil L1 may be used. 
[0057] And an inductance component (Coil nickel, coil L1) may be made the configuration 
prepared between the source of MOSFETQ4, and the other end of a capacitor C3. 
[0058] 

[Effect of the Invention] Since actuation of the 1st and 2nd switch with which a light load 
detecting element detects a light load, and constitutes a rectifier circuit is stopped 
according to this invention, malfunction of the 1st and 2nd switch by resonance of the 
primary side circuit at the time of a DC to DC converter halt is prevented, and it can 
prevent supplying energy required for resonance to a primary side circuit from a 
secondary circuit. That is, the loss at the time of a light load can be prevented. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram having shown one example of this invention. 
[Drawing 2] It is the timing chart which showed actuation of the equipment shown in 
drawing 1 . 

[Drawing 3] It is the block diagram having shown the 2nd example of this invention. 
[Drawing 4] It is the block diagram having shown the 3rd example of this invention. 
[Drawing 5] It is the block diagram having shown the 4th example of this invention. 
[Drawing 6] It is drawing having shown the configuration of the conventional DC to DC 
converter. 
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[Drawing 7] It is the timing chart which showed actuation of the equipment shown in 
drawing 6 . 

[Drawing 8] It is the enlarged drawing of the equipment shown in drawing 7 . 

[Drawing 9] It is drawing explaining actuation of the equipment shown in drawing 6 . 

[Drawing 10] It is drawing explaining actuation of the equipment shown in drawing 6 . 

[Drawing 11] It is drawing explaining actuation of the equipment shown in drawing 6 . 

[Drawing 12] It is drawing explaining actuation of the equipment shown in drawing 6 . 

[Drawing 13] It is drawing explaining actuation of the equipment shown in drawing 6 . 

[Drawing 14] It is drawing explaining actuation of the equipment shown in drawing 6 . 

[Description of Notations] 

1 , 3, 5 Light load detector 

2 Four Synchronous detection halt circuit 

C1-C3 Capacitor 

CTL Control section 

D1-D5 Diode 

L1 Coil 

Np, Ns, Nfw, Nfw, Nfl, nickel Coil 
Q1-Q5, Q9, Q10 MOSFET 
Q6, Q7 Transistor 
Rs Resistance 
SW1, SW2 Switch 
T1 - T3 Transformer 



[Translation done.] 
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a*<0«ftS**fflt, Sft^BftcmilBm 1 > Sg2©X 

SDC/DC^V/ 8 !-^ 

ifti!4N>fc2*fflillJ:£l0F5'f 10 

ME* >x-< >y f-tm&VfX'f vl-t ZWc*y 

Hute^ 1 © K5-<7#»fc j; ommtzm 1 ©x^ >y ^ 

i: iwiESS 2 © K 5 - Y «t t) ffll&f 5 $ 2 ©7. Y >y 

f-fcfcflM., MI52*flD#«<0«4-r**8S««eK1-* 20 

C ©Si5it[e]Sg©tt*j£A*)T3 tfift 3 >x >+)- 1, 
mm 2 MiJ#^ £ mffBW*) s £ ©ffflfcRtt 6 *i 

^y^^yxSH^S-frf £7*7- FH©D C/ 

tftijOBlMHMJWiU HfiffiBf EASE!! K ffS2©X 

SDC/DCay^-^o 

HUM 3] ^^^yxim 3f/k £fc 
«\ h 7 yXK^ttSnfcl! 3 ©#!£©'>&< fcfc-o 30 
£»T 3 C £ £ IT 3 2 is«© D C / D C 

c«*«4] eftn«tffi«». wwraic, ks 1 , at 

2©X-f v?Z?'f*-\ : mffiK®*)mz.%<l£ZftWl 
[»#«5] in ©F^7#$i:Sgi ©X^r-y^i; 

$ 2 © v<7<<-7m*tm 2 ©x-c y ^i:©iaKKtt 

R#KMfE!g3, ^4©x-Cyf-**7-rsci:^eSi: 40 
f § » *S 1 ~ 4 lee© D C / D C 3 > / ^- * . 

MKRttfcC t*Wf«i:-rs»*9(5E«OD C/D C 

C»*«7] $K ^2©X-f«y^tt % MOSFET 
C k**Mti:-r*«3RW 1 ~6!2«©D C/D C 

Mtasw-fcc tJ&wpafc-rsw^ i ~ 7®©d c/d 
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[0 00 1] 

mmiomtzmiftmi 7*7-fsj©d 

DC/DCn>^-^tcB§-r5fc©T'$.5o 
[0 0 0 2] 

[ft*©8fTi] x^ -y =f-y>fWm<DWm%iWfcts^T 

mWtLT, DC/DC3yM-^»^ntM„ 

;:©±9&1#$©DC/DCri;/>^-*(i, ^ih7> 
x©-^fj|#^i:rMii#S©<i14©siHc «fc oT, 7 
* 7- KS!i: U fl»J*tf 7 * 7- 

KS©DC/DCn>/^-^i:LT, *H1#IfU S P 4 
441 146, USP4959764 §lCM^£*lT^ 

[0 0 0 3] H6fcU3^T\ Cl~C3tt3yfyt, 
Q 1 ~Q 4liniOMO S F E 1\ Np, Ns. Nf 
w, Nf 1, N i tt#SU L 1 tt3>f^ R L«Sl^[h] 
& Atix^-7>7\ CTLfi*JWaPT?**o #*§N 
p, Ns, Nfw, Nf 1, Nilih7yXTl« 
U MOSFETQ3, Q 4 ttfi8ltlHlgS*«l^5. C 
£T\ #SMfcti\ Np^Ns>Nitt5„ 

[0 0 0 4] 3>f>1tC 1 It, -«^3>x>-9-C 2 
©-48, #«Np©-iSfc»«-r«. nyf^C2 
tt, W^MOS F ETQ2©FU"f>'tC»f3o # 
ifcgN p « 1 gcfflttR?, flMSIfcMO SFETQ1©FU 
JyK&ffitZo MOS F ETQ2ti-9-7X^r>y^T% 
y-XfcMOSFETQlOKW^fcfiflfc-rS. MO 
S F E TQ 1 U^^OXf -y^T\ V-^nyf>t 

c KDmmcmmtZo 

[ooo5]tiNsii2 ^mmx\ -S^MO S F 

ETQ3©V-XlCgMt, ffi4»*MOSFETQ4© 

v-xtsa-TSo #*n fwttK -« 

^MOS FETQ3©y-XlcS*Jit, «WOSF 
ETQ3©y-McS«ETS. #IN f nJK7-Y7# 
«9T% -«*MOSFETQ4©V-XK»«tU « 
5MOS FETQ4©y-hKgN*"r5 0 
[000 6] MOSFETQ3, Q4timum2©X 
-r~>y^T\ FW^^ISN i ©-SlcgMf 5 0 #^ 

n i fflffi^n^;i/L i <D-mci&m?%a =jy^i 

\&-<y??t>yxm?x\ ia*a>r^C3©- 

«K««fS 0 3>f>*C 3(±tti^=i>x>-9-T\ ffi 
«*#«Ns©ffliBK:»a-rSo ftMBggR Uinyx 

[0 0 0 7]x 7 -7y/A(i« v^7"X«*3>r> 
v-C10-»IU 75X«%, SflS«E*^L 
T, n>r>-9"C 1 <DflMSfc88Frs. StJffllgfiCTL 
tt, x^-7>7A©ffi^){cS^l/^T, MOSFETQ 
1. Q2<DY-hKHitl^70 o 



(3) 
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[0 0 0 8] c«DJ:d4aiH*WTtttWt*, 07, 
8 (JH6 t^-r«HO»ff*a?Lfc^-< ^ F 

(a) ttMOSFETQKDFWO-V-T.ftEVd 
s, (b) tiMOS FETQ 1 © F U-OWffit I d, 

(c) tiMOS F ETQ2©KH , ^€}JKI d, (d) 
ttn^;l/L 1©«8KI L, (e) (iMOS FETQ2© 
y-h-y-7.mEVg s, (f) ttMOSFETQl 
©-f-h-V-xmEVg s, (g)tiMOSFETQ 
3CDy-h-V-XttJEVg s, (h) ttMOSFET 10 
Q4©y-h-V-7.ttEVg sTfeSo f-LT, 

(DlillNsOtSlNs, (j)ttS*8Ns©* 
EVNs, (k) »#tlN i ©ttEVN K ( 1 ) tta 
Y^LKOtEVLU (m) «MOSFETQ4©F 
XsjyWfclA. (n) fctni/Ti/'tfC 1 ©tfJ*J«2tft I 
g, (o) B3^/VC20iffVC2, (p) ttW*« 
EVoTSS. 

[0 0 0 9] 09-1 4 ttH 6 ^fSllOftff 

©@tt£^u 01 o~i 4(±, -^n^n, ^jt 3- 20 

t 4 MUM* mi t 4 - t 5 JAM* Rf&| t 5- t 
B#^IJ t 6 — t 7 8!IKk f^PJ t 7 - t 8 J«Bg©l!lff*^ 
•To 

[0010] (1) PfSlJt 0- t K tl-t2, t2 

- 1 3mm 

3 0 *LT, x^-7yyA^mtl*EVoi:8**E 
£Jt«U it«eSK.fc»), SJSSiCTLffMOSFE 

tqi, Q2£3sic*>, *7-rs 0 ctucj;^ m 30 

SMIEfc, h^XT lfcftLT, «ESiftf5. 

[001 1] £©£#, MOSFETQ1 tf*y(Dt 
£, F7>XT1 (F7-Y7#iNfw, Nf 1) t± 
9, MOS F ETQ3^yi:!&t)> MOSFETQ4 
«*7tft£„ MOSFETQ1 tf*7©£:^ 

h7>^TlCJ:t), MOS F ETQ3tf*7i:&!9, 
MOS FETQ4#*;v£&3o 

[0 0 1 2] MO S F ETQ3#*>©£#, IWs 
©HiJit I N s <fc tK 3 tiTEll^tU MO 40 

S FETQ 4tP%y<Dt%^ #|gN i , n^;l/L 1 ©-T 

fc, i £<};D, l>7>Sftt%-tzn£-f3„ 

[00 13] fit, n>-r>+J-C 3 tfftffimggR Lie 
«7J^«^f 5o Bf^ijt 0 - t 3 IWIHti— HSWtt 

[00 14] (2) W»Jt 3-t 4JBH (HI 0) 
MOS F E TQ 2CD^-yffi^cfilCMO S F E TQ 2 ©Hi 

TVS. Z<Dtclt>, fH2"Jt 3B#lC, MOSFETQ2tf 50 
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*7t%*). {-7>y3>f^C2)!)^h7>XTl 
©#£§N p ©*|RHC«a[jy«tn, MOSFETQ2©tij 
ftgS* a y -r c 2 ©ttE t ¥ffit S S T*?t«T 
So C<Dfdb, M0SFETQl<DFb-r>-V-7.tt 
EVd stiAWfts^xI'tfC KDlEVgSfffiT 
f3„ fLT> #*8Npfc«^jbWl5i:£k:<fc»3, # 
SNf ltfMOS FETQ4£tf;y£U 3>fy*C 
3#J&S£ftS 0 

[0 0 15] (3) «FSlJt 4-t 5WM (Bl 1) 
BJSfJt 4fc*»K MWSCTLtt, X7-7>7A©m 

*»c«t»), ®.f*M mnffit&ts) fcfctau mosf 

ETQl, Q2£*7£-f3o dnti, X^-vt^^S 
^fcM'J^'tfS/c&T*, MO S F ETQ 2£>*7-t3© 
fi, ^>73>x>^C 2t^«$nTV3x*;l/# 
-A\ MOSFETQ2, h7>XT 1 ©#!§?N pfrf. 

[ooi6] mmt 4©*-r = >?"T\ t>?y-?m& 

(3>f^C2, MOS F ETQ2) A^S»NpK 

MO S F E TQ 1 ©^TV-^-f*- F#*> 
U #«Np«*-PA*¥»3>r>-9-C 1 HKffitf 

nso 

[0017] MOSFETQ 1 ©KU-O-V— XV d 
stt, MO S F E TQ 1 O^r-f-^-r^-F^^fc 

[0 0 18] CflD«JKfc±D£S»©«ttffKeU # 
*§5N f w^MOS FETQS^^tC-fSo -fi, MO 
S FETQ3^>LTUS-5i:, (#»NsOti) 
> (iiNiOift) TfeSfcfe. 2^fflI¥Jin>X> 
*C3fr6#8Ns, NpS^T'lM'J¥mnyx>-9- 
C l^M^CS, 

[0 0 19]^LT, 3^f^Cl©!(ElCft\ a 
>x>+>-C l©5fc*tEfr*"*fe'5MOS FETQ 1©F 
Mymffil dtt«»WlC«0fcft«„ 

[0 0 2 0] (4) ^Jt 5- t 6ffiH (01 2) 
^*Jt 5<D*-4*5>^Ttt, S/cMOSFETQ3W 
>U^4ft», n^;l/L 1 tcijStnTV^cm I L## 
I8N i . N s g*T'#^N p tJSKtl, Nfj&J t 3 - t 4 ffi 
HK22#lRlfc*M3n"tlr\fcMOS FETQ 2<Dttit)U 
*^MOS F ETQ2©^f ; i'-^^-F©|li7D(pl* 
EST'3tm-rSo 

[00 2 1] MOSFETQ2©ffi;frgftbS?tfll;£tt<5 
i:, M O S F E T Q 2 -f K^t >i: 6 

-T;l/L l©«aitl L«M'>-rs 0 
[0 0 2 2] (5) ^9Jt 6-t 7WW (HI 3) 
3yf>^C 2, MOS FETQ2CfflSgi, #*§N 



(4) 
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ttflWifflU SSHWOffitttfElEU #*®Nf It J: 
?K MOS F ETQ4#*>lc&3;fci6tt«n Ltf&Jj 

[0 0 2 3] (6) I^SJt 7-t 8S8BI (HI 4) 
rj>r>-9-C2, M0SFETQ2OHIA8E #*§N 

SNfwCfcD, M0SFETQ3^>i:5:5, 
[0 0 2 4] COflBWOBmi«fS!lt 3-t 4JHMi:ra 

[0 0 2 5] 

tfT^Stf, DC/DC^/WOfMiBffcSflMgft 
©«£fc «fc •? , 2 3 >x >tf C 3 IZWZ. 6 tlT 

t,>5x*;^-# i *Kic04*n* c t ti 9 , ffl* 

«EvoA^<fiT-rs. z.<Dfcib, uMmams&fi 

IWnU IHW6ftODC/DC3>/<-*OfflhJllillll3V 

[0026] ?ct\ *«woi«ti, eftimoaijiis 
fcB&jtf a dc/dc3 >/<-£*&nrr « cticsb 

[0 0 2 7] 

[»**»**£*©¥©] *fS}i«\ l^MSK^ 
3 7*7-F3!©DC/DC3>^-*fc:fc^T, tUTJ 

(Dmm^m u mmmicmssB u » 2 ©x-r ? 30 

©T&5 0 
[0 0 2 8] 

[0 0 2 9] SlCfc^T, D l-D4ttM- h\ 
SW1. SW2BJB3, 584 07^7^ RsSIM 
WfitS, 1 ttlEftffitttUilBTfeS. 40 

[0 0 3 0] ^-ftf-FD 1 ti> 7/-K*M0 S F E 
TQ30y-McSt«U *V-F*#«Nf wOflS* 
KSSBWS. 2V*-KD2f;i\ 7V-F£M0SFE 

TQ4©y-ht»«u *y-K*t«Nf 1 (Dim 

F*M0SFETQ3, Q 4 ©V-XfcJftRU *V- 
F*MOSFETQ3, Q 4 OKW>»Cft«Ef S. X 
-f-yfSWl, SW2tt» *tl*tl^-r*-FDl. D 
2lcit5lllcH*t6n*. 

[0 0 3 1] *BSttttffitaRstt, 3yr>-9-C30fl& 50 
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WEISS Hi, JtlMBUlcJ:»)«lrt«n*. ifc«8Utt* 

75;u*?*A»a»RL©fl!iWfc»ttu v>r^x«s 
l, a*««/N>ri"</i/Ofc*, x^7fswi, sw2 

[0 0 3 2] c©J:5&SH©af^*WTT-iKWr«. 

-bT*&5 0 4*, (a)~(p) UH7, 8kR— e 

[0 0 3 3] BH!|t 1 ©££, MWIKft^ ttttlB 
«B«^UT, tttillfitiiRsOiiii*0*Et«'>-r*o 
£©*SH. gm^ffilHSSl (JtK»U) aWWEJ: 

^yfSWl, SW2A^7fcftt), #8Nfw, N 
f 1*M0SFETQ3, Q 4 jb> 5% DC?. 
[00 3 4] COtl i!Nfw> Nf lO^DSIL 
tt* M0SFETQ1, Q2 0SI»*-Y2>^, Of 
t), «ft««l8^o»ffi:*Hfflcffton*fci6, MO 
SFETQ3, Q 4**>K'r5*E^#ttN f w\ N 
f 1IC8£L?^«&, ^7fSWl, SW2«*7 
CiD, MOSFETQ3, Q 4©y- FC«««nfc 
flMfAWtTt-f, MOSFETQ3, Q4*M->tttt 

*-FDl, D2lC<fc'K MOSFETQ3, Q 4 ©^ 

[0 0 3 5] ft8i£8K& MOSFETQ3, Q 

4©*^— ^*-KRtf^*— KD3. D4t± 

[0 0 3 6] mM t 20tt, l7-7y7A^D^U 

*;l/*ffl*iU c©titfjfc:«fc*K SJflpgp c T L fie&Ji? 
UcjBfcPJWU M0SFETQ1, Q 2 Z*7t% a L 
frU MOSFETQ3, Q 4 ti, X^-vfSWl, S 

[00 3 7] Sft^HilHlSS 1 AW 

fctBU fi«filsliS%«fiR1-*^'ryf-SWl. SW2% 
*7LT, MOSFETQ3, Q 4 ©»ft*<9±**« 
©T\ DC/DC3 >^-^<?±Bf © 1 ^M@8S©^ffi 
K«fc«M0SFETQ3. Q 4 ©aRftttfcBfrlk U 2* 
•BHIS^S^fieAfiax*;!/*-* l 

[003 8] m-KD3, D4%»^fc(M* 

TjkLfchK M0SFETQ3, Q 4©jPt*^-^*- 
FKctD, SESR^fTtonSfc*, ^-T*-KD3, D4 
fi*V»*!fiRTt>«fcV»o M0SFETQ3, Q 4 «*f-f 
KT»©a**^i«©885y-f F«t 

[0039] ^c, «2 <Dnmmzm 3 1^ uww-r 
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So CCT\ Hi 4:ra-©tOttl^-WF#*^bTWW 

[0 0 4 0] H3Efc^T* Nfw' tt¥9^ffHL 
Q5ttn$!0MOSFET % Q6, Q7(iPNPh^> 
i/'X*. Q8ttNPN h5>5?X$N R1~R5«S 
fit, D5~D7ti^Vt-h\ U 1 ttJt«»T**o # 
iNp, Ns, Nfw' , N f 1 , Nilih7y^T2 
£8f$U MOSFETQ4, Q 5 lt&$SM&%ffi&? 
%>„ f Lt> h7y->*X?Q6, Q7,fiJaRl~R 
4. D5~D7ttPI»iSEaEff±lsllS2 10 

**JSU h7>~>*X*Q8, SfitR5, Jt«BIUltt 

eft«mtuiaRi3««a^«. 

[0 04 1] MOSFETQ5&, M0SFETQ3O 
Vit> K> KWJ 6tu H b-f >*#^N s (DffiWc&M 
L, V-X%M0SFETQ4OV-^li:gaSt-rSo # 
SNfw' tt, #»N f w<Dftfe!)fc:RW-&*U — is* 

[0 0 4 2] H5>> ? 7.^Q6tt, nU^^MOSF 
ETQSOy-hKfttt-rSo SfixR 1 toh^yVT.* 20 

5tt, 7y-F*F7>S>**Q60=iU**U:gBK 

So 

[0 0 4 3] h7^X^Q7li, X-f •y?"SW2<Dtt 

fcS«U x^ <y K D 2 OA V- KKttM 

"$*«• gSxR2tth7V^X^Q7<DX5<y^t^-7. 

[0 0 4 4] gtaR 3, R 4 tt, -tn^n, -«B* h5 30 

6, D7tt» *n^n» 7/-F*JfflKR3. R4<Dffi 

[0 0 4 5] t>5>S>**Q8U\ 
FD6, D7©*y-KtftttU I5 7^yf> 
■9-C 3CDffiStcg^-r§„ ffifiiR 5B-«*h7>^ 
2Q8<D^-XtC&*rf3 0 Jt«8U 1 tttHfcfcffifitR 
5©ffl*SfcJ8flU yvXiS^ft^flUKRLCffiiJgJi: 

tfC3©flMBfcg8ft"r3. 40 
[0 0 4 6] r^iS&ggfi. MOSFETQ3 <K>\X 
MOS FETQ5*Rtt, CftfcH¥l\ #$N 

f woftfeotcfsiiN f w* tfRttSft-cv*. 

T\ »3, ^4CX^7fSWl, SW2©a#W«l« 
^WWOIWHttlftSfcLT, eJMffl*ttilIIE83«;j%l 

[0 0 4 7] ^LT, S3©H«flflJ*ia4K:^UWTfc 
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[0 0 4 8] B4fcfc^T* Q9, Q 1 0 & p^cDMO 
SFET\ U Z&ttMf&X'&Zo byyi?X9Q9, Q 
1 0, mriR 1~R 4, jT-f*-KD 6, D7«I^WS 
S6ff±@K4*«l|«t> h7^>'X*Q8, lfflnR5, 

[0 04 9] MOSFETQ9(±, b5>S/*7.2Q6, 

w' ©flMSKSBRU FU-fy£MOSFETQ5©y 
-McSttU y-h*fititR3<D-4iStgi^rS, 
[0050] MOSFETQ1 0ti N h^y^X^Q 
7, ^*-FD2O«te0fc:»Jt6n, V-X%#» 
N f l©flSJ8fc:J88IU FU-f^MOS F ETQ4<D 

[0 0 5 1] it«§§U 2 «\ JgjnR s , it^ggU 1 <OR 

btndstten, a#*ig*iR 5©«cgiL> y^ 

xffi?£x7-7>yA©to;b«tc&MU v^xffi 
SUMtEfcfl-LT, ft^0SSRL<D«lCg^-r 

5o 

[0 0 5 2] C©«fc5&giB«\ S3» gMOX-l'-yf- 
©JUWMWteLT* MOSFETQ9, Q10{cJ;§ 
ffllfc^iU MOSFETQ3, Q4<0*f-f-^*- 
Ftf, ^-f*-KD2, D5©f^to*)*-rSO-t?, 
£&5o £fc, X7-7>7 p ACDW^«ffi^m^«^|{i: 

yAOttS*«EfcLT^5o foT, *HfiS0J 0 1 fc: 

[0 0 5 3] S4<D^»J*ia5JC^LSiH^-r 

s 0 <ic:t\ 03, 4i:iRi-ot,©ttiRl-^*MLW 

[0 0 5 4] 12 5 iCfcl^T, h^yi/X*Q6, MOS 
F E TQ 1 0, fifiiR 1~R4, 94*— FD5-D7 
&I^Jfig^f?±[HlS&6£#|figU MNp, Ns, Nf 

w* , n f i tth7>xT3*flWft-3. r*fe-5, n 

5 TMtiL S4O7>fyf-4M0SFETQ 1 Ofl 
J&Lfc h7>XT3li, h7>XT2tC# 
^N i LfctOT^So »imco^T«, #SN 

i K «t * U TVMtifcfc-tf a K-rsci: /"clt 
T\ a^i&{f(iii^cDDC/DC a i:|R|-T** 

[0055] ^mmtcmm^n?>^<DX'it 

^7f§MOS FETQ l~Q5lC«typfiicL 
ftjWHRLteV, h7>^X^^y b-HT«bTt 

fiu, la nc^-r«t9tc, mosfetcd^x-c 

F*fiJfflT?#4t^"P» #x-f -^V*- F 
fcl^— ^TlRltC, ^*-F*»t*!8:ttnfcf464^Ct 

[0 0 5 6] Sfc, E5tC^-T«fcatC, #^N i 



(6) 



[0 0 5 7] *LT, <<Vit>?*VX*fr (#JtN i , 
3 •'OH 1) £MOS F E TQ 4 0V-7tJ>f^ 

[0 0 5 8] 

fcfclUU SEi«lHl«S**<a-r5« U «2©X-Oy?-© 
«ff*ff±***©-e» DC/DCnyx-^ffiBSO 
l &flBlfto#&lc i5$M20^>; ^(DPKft 

*fliiHiKicttie-rsc4:*i»±-e*5. o$t)> en** 

Bf (Dm&mitt 5 C i: 1 3 . 
[0ffi<Dffi¥&MB£] 

[Hi] *«W©-H«09*^Lfc*jSH-ea5«o 

[02] HiK^"rsfioii^*^Lfc*-r5>yf-+ 

[03] *»W©a2©||fifi0!*^Ufc«||«H-e*S„ 
[0 4] *fSW©»3©Httffi(*^Lfc#|j«HT-*So 
[0 5] *«WO»4dD^«g|M*^Lfe#l<fiH'Z?**o 
[06] «ODC/DCayM-$OM^Lfti 



10 



20 
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: [07] m 6 tc7rs*%iW<D®m7r,Lrc$-r %y*f** 

[08] H7»c^-r*HOtfc*:HT?i64. 

[09] m6ic7fitmm<DMttttmwtz>m?&%> 0 

[01 0] H6»c^-r«liO»lff*KWr«Hl?*S. 

[011] ®6iz7rs?mB<Dmttzmwtz>mT*3b%o 
[012] H6t^ , raii<D«i^*ww , r*H-?»i6*. 
[013] H6Kjj*fSfi©ftfls*Kira"r*H-ei6s. 

[01 4] H6K^-r«HO»^*RWr4HTa6S. 

[??^<dihbj3] 

1, 3. 5 @Hffi&ttilE]S§ 

2, 4 PfflStt#iklil& 
C1-C3 nyf>t 
CTL ffcijffllgl? 
D1-D5 $r-f*-F 

L 1 3-01/ 

Np, N s, N f w, Nfw' , N f 1 , N i #tS 
Q 1 ~Q 5, Q 9, Q 1 0 MOSFET 
Q6, Q7 b?>i?XZ 

rs mm 

SWl, SW2 
T1—T3 h7>X 



[01] 



[07] 




j DC/DCffiLMia 
01 Vds _ i 



(b) 01 Id L 



-H- 
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